Context: Toddlers with autism spectrum disorders (ASD) exhibit poor face recognition and atypical scanning patterns in response to faces. It is not clear if face-processing deficits are also expressed on an attentional level. Typical individuals require more effort to shift their attention from faces compared with other objects. This increased disengagement cost is thought to reflect deeper processing of these socially relevant stimuli.
A UTISM SPECTRUM DISORders (ASD) represent a class of complex, neurodevelopmental disorders that share marked impairments in social interactions and communication as well as the presence of repetitive behaviors and restricted interests. 1 Impairments in the social domain include difficulties in deriving and processing socially relevant information from faces. [2] [3] [4] [5] [6] [7] These deficits are already apparent at early stages of the disorder and include difficulties in selecting faces among other stimuli in the environment, failure to seek affective cues from faces in uncertain situations (social referencing), [8] [9] [10] [11] failure to monitor the gaze direction of others to gauge their attentional focus (joint attention), 12 use of atypical facescanning strategies, 13 and impairments in face recognition. 13, 14 In typically developing individuals, faces belong to a class of biologically relevant stimuli that enjoy a privileged status as potential targets for attentional focus: they are detected faster than other classes of stimuli [15] [16] [17] [18] [19] and engage and hold attention to a greater extent than other objects, even if their presence in the visual field is clearly task-irrelevant. 17, 20, 21 The enhanced attentional engagement is expressed either in shortening of reaction time to targets that appear in the same spatial location as the face 22 or in increased disengagement cost expressed in lengthening of reaction time to targets presented in other locations. 17, 23, 24 Under certain experimental conditions, faces with direct gaze command greater attentional capture and engender increased dwell time than those with averted gaze. 25 Direct evidence that suggests limited attentional engagement by faces has been re-ported as early as in the third year in children with ASD. 26 Tested in a variation of the cued attention task 27 and compared with chronologic age (CA)-matched typical controls, toddlers with ASD required less time to initiate visually guided saccades to peripheral targets when they had to look away from a face (experiment 1). However, in the nonface condition, the reaction time in typical and ASD groups was comparable (experiment 2). The study suggested that in toddlers with ASD, the disengagement of attention was not encumbered by the social content of the stimulus. The study 26 used a null (no gap) version of the cued attention task in which the disappearance of the central cue (eg, face) coincided with the onset of the peripheral target. In real life, however, faces do not vanish suddenly, and attentional shifts often occur away from an ongoing stimulus (eg, looking away from a mother's face) toward a peripheral target (eg, a cat that walked into the room). Thus, it was not clear if the limited dwell time or engagement with faces generalizes to more ecologically valid attention cuing conditions and whether it is specific to ASD or is shared amongst children with a variety of developmental disabilities, including ASD.
METHODS
The present study examined attentional bias associated with faces and nonfacial stimuli in a large cohort of toddlers with and without social disability (N=119). Children with ASD, developmental delay (DD), and typical development (TD) were tested in the overlap cued attention task in which the saccadic reaction time to peripheral targets was examined as a function of the central fixation stimulus characteristics. The central fixation stimulus remained displayed on the screen at the time of target onset, allowing us to study disengagement of attention when competing stimuli are displayed simultaneously. The central fixation stimuli included social (face) and nonsocial (mosaic) displays; each participant was exposed to both. Considering reports on the effect of direct gaze on attention capture and engagement, 25 we used 2 types of social displays: one containing a direct gaze and another in which only a face with an averted gaze was present. Based on previous findings regarding attention bias in toddlers, 26 we hypothesized that in the social conditions, toddlers with ASD would require less time to initiate reactive saccades to peripheral targets compared with toddlers with TD and DD. However, in the nonsocial condition, we anticipated that children with ASD would exhibit saccadic reaction times comparable with those observed in TD and DD controls. Thus, planned contrasts involved comparisons between ASD and TD as well as ASD and DD groups. With regard to the gaze direction, we anticipated that presence of direct gaze would accentuate the magnitude of the attentional bias for faces in the TD and DD groups, but not in toddlers with ASD owing to their decreased sensitivity to gaze direction.
PARTICIPANTS
Forty-two toddlers with a mean age of 32 months (SD, 10 months) with ASD (24 with autism and 18 with pervasive developmental disorder not otherwise specified) and 31 toddlers with a mean age of 29 months (SD, 10 months) with DD (22 with global delay and 9 with language delay) were recruited from a cohort of patients at a university-based specialized clinic or from a pool of subjects participating in a prospective study of social cognition in ASD. Each child was assessed with the Mullen Scale of Early Learning 28 and the Autism Diagnostic Observation Scale-Generic, module 1. 29 We report updated Autism Diagnostic Observation Scale-Generic algorithm scores based on the recent revision aimed at improving their sensitivity and specificity in young verbal and nonverbal children. 30 Parents were interviewed with the Vineland Adaptive Behaviors Scales-Expanded Form 31 and the Autism Diagnostic Interview-Toddler Version. 32 Two expert clinicians made the diagnoses independently based on all relevant background and evaluation data. Because the toddlers participated in a prospective study, the ASD diagnosis was based in all but 1 case (lost to follow-up) on their reassessment between 3 and 5 years of age. Forty-six toddlers with TD with a mean age of 29 months (SD, 10 months) were recruited through advertisements in a local newspaper. Their developmental status was confirmed through parent interview and standard assessment of verbal and nonverbal skills. Participants with major comorbid health problems (eg, seizure disorder or uncorrected visual or auditory abnormalities) or known genetic abnormalities and toddlers with a gestational age below 32 weeks were not included in the study.
The 2 clinical groups were matched on both CA and verbal and nonverbal developmental quotient (DQ), but as expected, the ASD group had higher scores on the Autism Diagnostic Observation Scale-Generic (Table) . Both clinical groups were also matched with controls with TD on CA. The decision to enroll TD participants with the same range of CA rather than levels of cognitive functioning was driven by the fact that the task required a simple reflexive oculomotor response and posited a very low cognitive demand on the participants. This approach minimized the impact of maturation-and experience-related changes in the visual system on saccadic reaction time. Considering a relatively wide age range represented in all 3 samples (15-59 months), we entered CA as a covariate in all analyses. The experimental protocol was approved by the Human Investigations Committee of Yale University School of Medicine. Informed written consent was obtained from all parents prior to the testing.
EXPERIMENTAL PROCEDURE AND SETTING
During the experiment, toddlers sat in a car seat approximately 80 cm in front of a computer monitor with their eyes level with the center of the monitor. Two speakers, connected to the computer, were located on the left and right side of the screen. Four infrared light sources were positioned 25 cm from the outside edge of the monitor to provide illumination for an infrared-sensitive camera (spectral sensitivity of 400-1300 nm) located above the screen. A 48-mm lens provided adequate resolution of the eyes and much of the subject's face. The computer monitor, speakers, and camera were mounted behind a black screen in a room that was curtained and dimly lit, such that only the front of the monitor screen was visible to the child. The image of the child's face was recorded on a videotape along with a stopwatch running at increments of 10 milliseconds. The recorded image also contained an insert screen with a view of the computer monitor to allow for coding of the timing and location of each stimulus presentation.
Three types of central fixation stimuli were prepared. For the nonsocial trials ( Figure 1A) , the central fixation stimulus consisted of a facial image that was digitally transformed into a mosaic to eliminate its social content while maintaining comparable luminance. For the direct gaze and averted gaze trials, the central fixation stimuli consisted of brief presentations constructed by a succession of static images of a woman's face processed using Adobe software. A single direct gaze trial consisted of a movielike display in which the face looked directly at the viewer, blinked, looked at the viewer again, and then looked to the left or right ( Figure 1B ). In the averted gaze trial, the participants saw the woman with her eyes closed fol- Examples of a nonsocial trial and direct and averted gaze trials. All participants were first exposed to 10 nonsocial trials (A), then half of the sample viewed 64 direct gaze trials (B), while the other half watched 64 averted gaze trials (C). Trials were equated for total duration across conditions. The asterisks represent a peripheral target; ISI, interstimulus interval (a blank screen).
lowed by her opening her eyes while looking to either side ( Figure 1C) . The social and nonsocial central fixation stimuli subtended 10°of visual angle. Target stimuli consisted of ageappropriate images of toys and cartoon characters in color; they were presented at an eccentricity of 15°either to the left or right of center and subtended 8°of visual angle. On each trial, the target appeared while the central fixation stimulus was still being presented and both the target and the central fixation stimulus disappeared simultaneously at the end of the trial. The children were assigned randomly to 1 of 2 conditions: 10 nonsocial trials followed by 64 direct gaze trials or 10 nonsocial trials followed by 64 averted gaze trials. Presenting the nonsocial condition first guaranteed that the participants would not enter the block with any type of expectations associated with faces, which allowed us to measure their basic reaction time. Trials in the direct and averted gaze conditions were matched for overall duration with the nonsocial trials and were accompanied by a beeping sound (440 milliseconds) during the initial presentation of central fixation stimuli to enhance the likelihood that the child would orient to the screen. 33 Direction of gaze did not predict target location, and targets appeared randomly with equal frequency on the left and right of the screen.
DATA REDUCTION
The image of the child's face combined with an insert showing a location of the target was video-recorded at 30 Hz and subsequently scanned field by field and coded by 5 experienced coders masked to the hypotheses of the study and diagnostic status of the participants. Using the timer recorded on the tape, the coders recorded the onset time of the target as well as the direction and time of the initiation of a saccade by the child. Based on 15% of trials, the intraclass r reliability between all 5 coders for saccadic reaction time was 0.974 and the Cohen for direction of gaze was 0.823.
DEPENDENT VARIABLES
Two dependent variables were analyzed: saccadic reaction time and the proportion of trials in which the participants failed to disengage from the central fixation stimulus. The saccadic reaction time reflects the time necessary for disengagement or decoupling of attention from the central fixation point, calculation of the saccadic parameters needed to fixate the stimulus, and initiation of an eye movement 34, 35 and was operationalized as the interval between target and saccade onset. Target onset was determined by identifying the first frame when the target appeared on the screen. Saccade onset was identified by the first frame with a noticeable deviation of the infant's eyes toward the target. Considering that the overlap paradigm introduces strong perceptual competition between the centrally located fixation stimulus and a peripheral target, we computed the mean proportion of valid trials on which the participants failed to disengage attention from the central fixation stimulus throughout the time when the target was presented. High failure-to-disengage values were expected in those with extreme difficulties disengaging and shifting their attention away from the central fixation stimulus.
VALID TRIALS
A trial was regarded valid if the child fixated on the central fixation stimulus throughout its presentation and subsequently made a saccade toward the peripheral target (left or right). Trials in which the child remained fixated on the central cue throughout the trial and failed to make a saccadic shift to the target were retained for the failure-to-disengage analysis. Trials in which the child was inattentive or the child's eyes were invisible (eg, obscured by eyelids) were excluded from the analysis. On average out of 74 total trials, 39 trials (SD, 13) in the ASD group, 34 (SD, 14) in the DD group, and 37 (SD, 11) in the TD group were considered valid. A diagnosisϫcondition analysis of variance (ANOVA) on the mean number of valid trials with CA as a covariate revealed no significant effects of diagnosis (P=.33), condition (P=.64), or age (P=.17). Thus, there was no differential loss of trials due to diagnosis, condition, or age of the participants.
STATISTICAL ANALYSIS
In both nonsocial and social conditions, we identified 3 cases with extremely high saccadic reaction time values (1 from each diagnostic group); the cases were excluded from the subsequent analysis. Considering the study design and its primary hypotheses, we analyzed the social and nonsocial conditions separately, though in the secondary analysis, we also compared overall saccadic reaction time in social and nonsocial conditions. Saccadic reaction time in the nonsocial condition and the proportion of failure-to-disengage trials were analyzed using ANOVA, with diagnosis as a between-group factor. In the analysis of saccadic reaction time in the social conditions, we considered between-group factors of diagnosis and gaze condition (direct vs averted gaze) and a within-group factor or type of trial (congruent vs incongruent). Given the design of the cuing task (ie, overlap between central fixation and target and lack of a predictive relationship between gaze direction and target location), in trials in which the gaze direction in the central fixation stimulus was congruent with target location, we did not anticipate that saccadic reaction time would differ from those in which the gaze direction was incongruent. Significant effects were followed by planned contrasts comparing ASD group with DD and TD contrast groups. Effect of CA was evaluated by using it as a covariate in all analyses. Whenever appropriate, the CA effect was assessed using Pearson productmoment correlation coefficient analysis.
RESULTS

FAILURE TO DISENGAGE ATTENTION
We expected that if the ASD toddlers had marked difficulties in disengagement of attention, they would remain fixated on the central cue and consequently fail to make a saccade to the target more frequently than controls. To test this hypothesis, we compared the proportion of failure-to-disengage trials between groups and conditions. On average, toddlers with ASD failed to disengage in 2.9% (SD, 4.9%) of trials compared with 12.4% (SD, 18.2%) in the DD and 5.6% (SD, 7.0%) in the TD group. A diagnosisϫ condition ANOVA on mean failure to disengage with CA as a covariate indicated only a significant effect of diagnosis (F 2,118 =6.39, P=.003). Planned contrast revealed that ASD group showed failure to disengage on fewer trials than the DD group (PϽ .001) but that the ASD and TD groups were comparable (P=.23). The high percentage of trials in which the child failed to disengage in the DD group was driven primarily by those with global delays (mean, 14.0%; SD, 18%) rather than language delays (mean, 8.5%; SD, 17%). Thus, toddlers with ASD did not exhibit difficulties in disengagement (REPRINTED) ARCH GEN PSYCHIATRY/ VOL 67 (NO. 2), FEB 2010 of attention that would prevent them from orienting to a peripheral target more frequently than typical controls. Increased frequency of failures to disengage was associated primarily with global DD without autistic features.
SACCADIC REACTION TIME IN NONSOCIAL AND SOCIAL CONDITIONS
Responses faster than 100 milliseconds, ie, anticipatory saccades (3.4%), or slower than 1000 milliseconds (0.7%) and responses that were slower by more than 2 SDs from each subject's mean (4.5%) were excluded from the saccadic reaction time analysis. A between-group ANOVA on the individual saccadic reaction time in the nonsocial condition revealed no significant effect of diagnosis (P=.10) but a significant effect of CA (F 1,115 =7.22, P=.008) (Figure 2) . Analysis of the age effect indicated that an increase in age was associated with shortening of the reaction time (r 116 = −0.28, P = .003). In the social conditions, a 3 (diagnosis)ϫ2 (condition: direct gaze vs averted gaze)ϫ2 (type of trial: congruent vs incongruent) ANOVA with repeated measures on the last factor revealed a significant effect of diagnosis (F 2,110 =5.72, P=.004), no effect of condition (P = .36), conditionϫdiagnosis interaction (P=.67), trial type (P = .26), or any higher-order interaction but a significant effect of CA (F 1,110 =14.18, PϽ.001) (Figure 2 ). Planned contrasts revealed that when the central fixation stimulus consisted of a face, regardless of whether direct gaze was present in the display, toddlers with ASD had shorter saccadic reaction time than their typical peers (P = .02) and DD controls (P Ͻ .001). Similar to the nonsocial condition, an older age was associated with shorter reaction time (r 117 = −0.36, P Ͻ .001). Thus, while the time necessary for initiation of a saccade from a mosaic stimulus was similar across all groups, cost of disengagement of attention from a face was higher in TD and DD groups than in toddlers with ASD. As could be expected, reaction time decreased with age. To examine potential contribution of cognitive levels of functioning to the observed differences in the ASD and DD groups, we compared their saccadic reaction time, including in the model additional covariates of verbal and nonverbal DQ. The DQ scores did not contribute significantly to the model (P = .83, and P = .29, respectively), and the diagnosis effect remained significant (P =.001).
As can be observed in Figure 2 , reaction time increased in all groups, following a shift from the nonsocial to social trials. Considering the nonsignificant effects of the type of the social display and type of trial, we collapsed the data in the social conditions across the 2 factors and conducted a diagnosis ϫ condition (nonsocial vs social) ANOVA, with condition as a within-group factor. The analysis indicated a significant effect of condition (F 1,110 =182.37, PϽ.001) as well as the effects of diagnosis (F 2,110 =7.11, PϽ.001) and diagnosisϫcondition interaction (F 2,110 =3.42, P=.04), such that in nonsocial conditions, saccadic reaction time was similar in all groups, and in the social conditions, toddlers with ASD showed the shortest reaction time. Thus, as their non-ASD controls, toddlers with ASD showed similar lengthening of reaction time after the shift from nonsocial to the social conditions, though it is not clear to what extent this increase was driven by a change in perceptual (eg, complexity) or semantic stimulus characteristics, as the 2 were confounded. Regardless of this effect, in the social conditions children with ASD showed consistently shorter reaction time than the 2 comparison groups.
COMMENT
The present study replicates and extends the earlier study on limited attentional bias for faces in toddlers with ASD. 26 The results suggest that faces have a lower capacity to engage toddlers with ASD compared with toddlers with DD or TD, as indexed by a shorter reaction time necessary to disengage their attention to fixate on a suddenly appearing peripheral target. This phenomenon cannot be attributed to the generalized difference in reaction time in response to other classes of stimuli. Moreover, in young children with ASD, the limited attentional bias for faces is not associated with the degree of verbal or nonverbal cognitive impairments.
While it is not entirely clear what drives the enhanced attentional engagement in TD and DD toddlers, the effect can be attributed to deeper obligatory processing triggered by faces. Research on typical adults 36, 37 suggests that depth-of-face processing and consequently the quality of its representation (measured by accuracy of recognition of the given face) can be manipulated experimentally. That is, typical adults set to judge a semantic property of a face (eg, honesty) tend to remember the face better than those whose goal is to judge its physical characteristics (eg, sex). Toddlers in our study were not given any explicit instruction other than to look at the screen, though one can safely assume that each of them entered the task with a set of implicit goals and expectations formed over their lifetime experience with the social environment. While, to our best knowledge, the relationship between depth of processing and disengagement time has not been directly studied, research on typical adults suggests that internal states (eg, affect) can delay disengagement from faces. 24 Thus, we hypothesize that when toddlers without social disability examine a novel face, they spontaneously conduct a range of computations, including classification (eg, Is it a face or something else? Is it my parent or someone else? Is this person nice or mean?) and encoding of invariant features for later comparisons. In the same vein, when a toddler with ASD looks at a novel face, the number of questions on his or her mind might be more limited, or he or she might be restricted to focus on physical facial characteristics (eg, face/no face or male/female). If so, based on the research on depth-of-face processing in adults, one would expect less effective face recognition skills in toddlers with ASD. Albeit limited, the extant evidence suggests that compared with TD controls, toddlers with ASD indeed have greater difficulties in face recognition, despite seemingly intensive examination of the novel faces, 13 which provides preliminary support for the depth-ofprocessing hypothesis.
Neuroimaging studies suggest that in response to novel faces, both adults 4, [38] [39] [40] [41] and children 42 with ASD show hypoactivation in the fusiform gyrus, a cortical area specialized for face processing. The deficit appears to be associated to some extent with atypical modulatory activity of the amygdala, 40 ,42-44 a subcortical structure involved in assessing saliency and biological relevance of stimuli as well as emotional learning and memory. [45] [46] [47] While rapid detection of faces observed in infants is supported by subcortical structures, including the superior colliculus, pulvinar, and amygdala, 48 disengagement of attention involves cortical structures like the posterior parietal cortex, 35, 49 which, in the case of faces, is likely to be further influenced by face-specific areas and the limbic system. It has been hypothesized that the deficits in face processing observed in adults with ASD and expressed in disruption of the cortically mediated functions (eg, recognition) might reflect an outcome of an early impairment of the subcortical system in infancy. 48 This impairment might then disrupt the process of cortical specialization by preventing development of appropriate patterns of regional enhancement of cortical activity in response to faces in ASD. It is not clear whether the deficit in attentional engagement with faces observed in the present study is primary and present at the earliest stages of ASD or whether it evolves within the first years of life secondary to other pathogenic factors. This important issue would be best addressed through a prospective study of infants who, owing to genetic factors, are at risk of developing ASD.
Consistent with studies of adults 50, 51 and children [51] [52] [53] with ASD, our results suggest that young children with ASD do not exhibit generalized abnormalities in generation of reactive saccades both in the presence (present study) and absence of competing nonsocial stimuli.
26
There was also no evidence for an ASD-specific attentiondisengagement deficit when a total failure to shift attention away from an ongoing stimulus was considered. Inconsistent with our findings are those in the study by Landry and Bryson, 54 who described a marked deficit in disengagement of attention in young children with ASD but not in those with Down syndrome or typical controls. The differences between studies might be driven by certain design features. In the Bryson and Landry study, the central fixation point as well as the targets consisted of a dynamic display of shapes that "were falling on each other," which might have been particularly salient for children with ASD, just as faces were salient in non-ASD samples in our studies, making disengagement of attention more difficult. While this interpretation would suggest that deficits in disengagement of attention in ASD might be associated with specific stimulus features, important methodological differences between the 2 studies preclude direct comparisons. In the Landry and Bryson study, trials in which the participant failed to disengage (ie, made no saccades) were included in computing the mean reaction time. This approach skewed the distribution of the mean reaction time, such that even in the TD group, saccadic reaction time exceeded the physiological range seen in individuals older than 6 months. 52, 55 Consequently, while some propose that presence of difficulties in disengagement of attention might represent an early behavioral marker for autism, 56, 57 we would like to argue that such an assertion might be premature, at least until the extent of the effect and its moderating factors are fully understood. Thus far, the evidence suggests that such deficits are more likely to be associated with either idiopathic global DD (present study) or genetic syndromes such as Williams syndrome. 58 Although children with ASD in naturalistic contexts often display examples of overfocused attention, this phenomenon more likely reflects selection of objects that afford access to certain types of preferred experiences, such as motion (eg, fan or car wheels), perceptual features (eg, high-contrast areas), 59, 60 or perfect contingencies. 61 The apparent difficulty with disengagement of attention might also be associated with marked underresponsiveness to certain classes of stimuli typically used to elicit reorienting (eg, their name being called or speech in general) that otherwise capture attention rapidly in typically developing individuals, [62] [63] [64] [65] rather than representing a generalized deficit in the ability to disengage attention from ongoing visual stimuli. With regard to the importance of regulating visual attention for development of learning and cognition, clarifying conditions (eg, types of orienting and stimuli involved) under which abnormalities in disengagement of visual attention are present in autism warrants further investigation.
Taken together, our results suggest that in addition to atypical scanning patterns and deficits in recognition, impairments in face processing in toddlers with ASD involve limited attentional bias for these highly socially relevant stimuli. The attention disengagement task should thus be explored as a potential behavioral marker of underactivation of the brain areas involved in social cognition in ASD. With further work on establishing sensitivity and specificity of these findings in ASD at younger ages, a task targeting deficits in attentional bias for faces might become a useful tool for identifying infants at risk for ASD. In this context, however, further investigation is necessary to explore whether the limited attentional bias for faces might also extend to other biologically relevant stimuli and whether it is present in response to both familiar and novel faces. 42 Furthermore, it will be im- 
